The North-Western Coast of Egypt (NWCE) represents one of the high priority regions for future development in the country. El-Hammam area is located in the NWCE with an area of 94752 acres and is one of the main challenging regions for sustaianble development. In this study, we have used remote sensing and soil data in combination with GIS tools, for land use sustainable analysis (SLU) in El-Hammam area. The SLU was established based on various factors such as: land capability and suitability, water resources availability, economic return from water and financial return from land and water. A physiographic soil map for the study area was prepared using remote sensing and GIS. Multiple field surveys were carried out for collecting information on various soil map units (SMUs) and their profiles. Laboratory analysis for the collected samples was performed, and then the soil properties were stored as attributes in a geographical soil database linked with the SMUs. Furthermore, land capability assessment was done to define the suitable areas for agricultural production using a capability model built in ALES software. Results indicate that the area currently lacks high capability and moderate capability classes. By improving the soil properties, the soil can attain potential capability; and 55630 acres will become marginally capable. The assessment of soil physical suitability for different land use types (LUTs) were analysed in ALES software, in order to generate the most suitable areas. The results from the land suitability analysis indicated that, 17114 acres are moderately suitable for wheat and sorghum; whereas 15823 acres are moderately suitable for barley and 12752 acres are moderately suitable for maize, olive and figs. Finally, the SLU was investigated based on two scenarios; (1) the most SLU under the conditions of shortage of irrigation water: clover, barley and sorghum against figs, as the irrigation requirements for barley and sorghum are low; (2) the most sustainable land use in the conditions of irrigation availability will be wheat and maize against figs and guava. From the results it is quite evident that GIS combined with modeling approaches are powerful tools for decision making in the study area.
Introduction
The continuous increase of human pressure on our limited natural resources, including water and cultivated area requires proper management of such resources. The agricultural expansion outside the old valley is one of the main objects of the Egyptian national plan [1] . A great attention is directed to the NWCE, due to it's diverse characteristics. Therefore, studies on management of natural resources in such regions are considered of vital importance [2] [3] [4] . El-Hammam area was selected as a case study, lies between longitudes 29°15' and 29°30'E and latitudes 30°45' and 31°N, with a total area of 94752 acres. Generally, sustainable development is a primary objective and an urgent problem to be addressed by our society [5] .
Remote sensing (RS) is defined as the acquisition of information about an object without being in physical contact with it [6] . Therefore, the intrinsic characteristics of agriculture make remote sensing an ideal technique for its monitoring and management [7] . Geographic Information System (GIS) is considered as organized collection of computer hardware, software, spatial and non-spatial data that can help users for the efficient capture, storage, update, manipulation, analysis and management of all geographically referenced information. Remote Sensing (RS) in combination with GIS techniques proved to be effective in sustainability and planning studies [8, 9] .
In the present study, Sustainable land use (SLU) was established based on: land capability and suitability, water resources availability, economic return from water and financial return from land and water. Soil map is an essential part of soil assessment framework [10] . The geopedological approach of zinck [11, 12] was adapted here by using the 3D-representation of SPOT image interpretation to produce soil map of the study area. Further, a general reconnaissance survey was carried out in the area using intensive testing auger samples, then transect sampling method was applied to cross the different mapping units. Detailed morphological description was made for each soil profile, on the bases outlined by FAO [13] and tentatively classified according to the USDA soil taxonomy system [14] . After carrying out the ground truth view during the field work, re-interpretation was made to produce the final soil map. Land capability and suitability assessment were carried out using Automated Land Evaluation System (ALES) [15] , and by implementing the FAO framework for land evaluation [16] . The economic return from irrigation water and financial return from land and water were calculated based on the earlier study by Mahmoud [17] . Finally, the results indicate that, the most SLU under the conditions of shortage of irrigation water are: clover, barley and sorghum against figs, as the irrigation requirements for barley and sorghum are low. Whereas the most sustainable land use under the conditions of irrigation availability will be wheat and maize against figs and guava. In this paper, we have demonstrated that geospatial technologies can offer reliable tools to support analysis, problem solving, planning, decision-making, and management of the processes required to pursue land sustainabilty analysis. RS & GIS combination creates great possibilities for fast inventory and updating the natural resources status.
Study area
The study area is located in the northwestern coast of Egypt (NWCE). It lies between longitudes 29°15' and 29°3
0'E and latitudes 30°45' and 31°N, with a total area of 94752 acres, Figure 1 . The study area falls within the Mediterranean coast of Egypt and experiences long dry summers and very short rainy winters. The annual rain-fall varies considerably from month to month with mean of 14.91 mm/month (it varies from 54.60 mm in January to 0.1 mm in June), and the dry season lasts from April to September. The mean monthly temperature ranges from 13.70°C in January to 26.55°C in August (according to data obtained from the metrological station of El-Dekhila). Table 1, Figure 2 shows the temperature, rainfall and evapotranspiration (ET). The northwestern coast of Egypt (NWCE) extends from Alexandria westward to Al-Salloum with a width of about 10-30 km from the shoreline. A succession of ridges and deposits from the shore to the plateau characterizes the topography of the area. These ridges are composed of oolitic limestone [18] . They are considered to be the product of the consolidation of ancient littoral dunes formed along the shoreline. Figure 3 shows the geological map of the study area. In the study area, there are three ridges, each of which is separated from the other by a depression [19] . In general, the NWCE is distinguished by: a northern coastal plain and a southern tableland [20] . Usually, soils of class "I" occupy the areas between the depressions because they are formed from materials washed from the neighboring ridges and hills [21] . Further, these areas constitute the main potential agricultural land. According to Balba (1990) there are three sub-regions identified in the NWCE: the coastal region, the saline depression, and the Mariut ridge [22] . For the eastern and western regions of the Mediterranean coast of Egypt, the most significant factors affecting soil formation are climate, parent material and topography. Soil transportation by wind and water is the dominant factor. The dominant parent material is limestone. Sandstone and metamorphic rocks may also be encountered. Wind-blown sand constitutes a major part of the soil in some areas. Water deposits usually fill the depressions and form the deep soils overlaying a thick layer of limestone. Gypsum occurs in the profiles at varying depths and is occasionally found in thick deposits form where it is mined. The depressions between ridges are filled with water-born materials, which constitute the main potential agricultural soils. The lowlands are usually highly saline. Topography also plays an important role. Areas surrounded by hillock "Karms" usually receive more water and deposits than other areas. Because of the aridity of the area, the effect of vegetation on soil formation is not pronounced. The hot summer and low precipitation hasten the decomposition of the plant residue. Soil profiles are not well developed. It was not always possible to trace the accumulation horizon. However, CaCO 3 showed a tendency to increase with depth whereas the texture tends to become finer [19] .
Material and methods
The following data were used for the study: (i) Remotely sensed data: Spot multispectral image dated (July 1997);
(ii) Topographic map (1:50,000) and (iii) Geological map of the study area.
The methodological approach is summarized in Figure 4 .
Satellite data interpretation
Spot multispectral image dated (July 1997) was used in the present study. The spatial resolution of 20 m was appropriate to represent different land use / cover types. This image was geo-referenced in the UTM/WGS84 projection using the topographic map. Different processes were applied in the SPOT image to make the image more interpretable and to extract the useful information for further analysis. Radiometric enhancement, followed by contrast enhancement, then a kernel of 5x5 pixels edge enhancement filter was applied [23] . The resulting enhanced false color composite image was used for visual interpretation and extraction of different thematic layers. The Normalized Difference Vegetation Index (NDVI) was used to distinguish between the different land cover types in the study area [24] . Moreover, image classification was applied.
Thematic layer data construction
The geo-referenced topographic map, the geological map, the SPOT image and the classified image were used to digitize and generate the required thematic layers. The contour lines and spot heights (from 1:50,000 topographic map) were used to create the DEM with pixel size of 5 m. Moreover, 3D perspective presentation was applied on the enhanced false color composite of SPOT image to extract valuable information of the study area.
Soil map generation
The geopedological approach of the physiographic aerial photo interpretation has been adapted for SPOT image interpretation [11] . The enhanced colour composite SPOT image was overlayed on a 3D model for visual interpretation, in addition to the geological map of the study area. Then, four hierarchical categories (landscape, relief subunit, lithology and landform) were applied in order to extract the soil map of the study area. A general reconnaissance survey was carried out first, throughout the area using intensive testing auger samples, then the transect sampling method was applied to cross different mapping units. As a result, fifteen soil profiles were tested and sampled. Detailed morphological descriptions were made for each soil profile, on the bases outlined by FAO [16] and tentatively classified according to the USDA soil taxonomy system [14] . The collected disturbed soil samples were air dried; ground gently; and sieved through 2 mm sieve where the main physical and chemical properties were determined. After carrying out the ground truthing during the field work, re-interpretation was made to produce the final soil map. Soil attributes of the different mapping units were added from the analysis results of the modal soil profiles representing the dominant main soil. Figure 4 explains the methodological approach applied on this research work to execute and meet the present study objectives.
Land capability / suitability assessment
A land capability model was built using ALES software and the resulting tables were imported into ILWIS GIS to produce the capability map, and the potential capability map was also generated. The soil characteristics rates used in the capability model are given in Table 2 . The assessment of physical land suitability for 10 different land use types (LUT) has been conducted for the capable soil units using Automated Land Evaluation System, ALES, by implementing the FAO framework [15, 16] . The suitability maps were produced using ILWIS GIS. The defined LUTs and their cropping calendar are shown in Table 3 . 
Citrus Guava p= planting date, h= harvesting date, o = permanent tress (orchards) * Clover: first "h" for first cut, second "h" for last cut.
Sustainable land use
To assess the most sustainable land use in the study area, a methodology approach was used as shown in Figure 4 . Many factors were taken into consideration, namely; physical land use suitability, irrigation requirements, net return, net return per month, and net return per cubic meter of irrigation water. The decision was built mainly on the physical suitability of each mapping unit for different land use, followed by the other factors in several orders. The results showed one of the many different possible scenarios. The final decision was taken according to the priority of each scenario in each area.
The study area has a shortage of irrigation water in some places. Therefore, the most sustainable land use will be different in each situation according to the priority of each factor. In the case of irrigation water shortage, the water is most valuable; therefore, the priority will be given first to irrigation requirements. This means that, if more than one LUT has the same physical suitability, then the most sustainable LUT will be the lowest in irrigation requirements. On the other hand, if irrigation water is available, farmers will select the most profitable LUT. Therefore, the priority will be for the LUT that has the highest net return per month and net return per cubic meter of irrigation water. 
Results and discussion

Soil map
A soil map is one of the key data layers for developing a robust global model and evaluating land quality and use [26] . The Geopedological map, Figure 3 , indicated that the area is characterized by coastal plain landscape, subdivided into four relief types, i.e., High Terraces, Moderately High Terraces, Moderately Low Terraces and Low Terraces. Finally, the area was differentiated into different lithology and subdivided into twenty three landforms as indicated in the physiographic map legend Table 4 . The High Terraces relief unit "Cp1" contains nine land forms representing the oldest sea beach and the inland area when the Mediterranean Sea level was high enough to flood all the northern area. The total area of these land forms are 30224.63 acres. Soil classification was done based on the USDA soil taxonomy [14] . The main recorded soils are; Typic Haplocalcids, Calcic Petrocalcids and Lithic Torriorthents, whereas 29.27% of these units are hard limestone rock. The Moderately High Terraces unit "Cp2" comprises six different land forms that cover an area of 34919 acres. These land forms represent mainly the tidal rocky ridges, terrace tread, depression and marshes. The rocky ridges are considered the second marine coastal beach ridges formed through the Pleistocene times. They are composed mainly of limestone intercalated with gravels, elongated in shape, extend from north east to south west, and run parallel to the current sea shoreline with a distance of about 2-4 km from the shoreline. The main soils recorded in the tread and depression land forms are Typic Haplocalcids. They constitute about 79.9% of the total relief unit area, whereas the seasonal marshes possess Calcic Aquisalids soils. Figure 5 . The average of the different soil attributes were calculated for the representative modal profiles only. The attributes were coded and stored as map units and different thematic maps were generated as shown in Figure 6 .
Land capability assessment:
After matching the land characteristics of the modal profiles of each map units with the land capability model, which was built in ALES software, the land capability class of each map unit as well as the relative limitation(s) of each class was obtained as shown in (Table 8) and Figure 7 . A potential capability map was also produced after eliminating the correctable limitations, Figure 8 .
As indicated in Table 8 , the soil depth in the Cp413 was considered as a correctable limiting factor especially since the soil possesses shallow thin Petrocalcic horizons which can be corrected by deep subsoil ploughing. Table 9 . From this study, it is recommended to improve the current capability by applying soil management practices that include:
a-Deep ploughing to improve soil permeability and moisture availability b-Organic fertilization to improve permeability, CEC and nutrient availability.
c-Drainage improvement in low parts to improve salinity and oxygen availability.
d-Applying modern irrigation systems to supply the needed uniform water and to avoid soil crust formation. 
Land suitability assessment
Physical land suitability for ten different LUTs was tested in the capable soils using ALES software. The results were imported to ILWIS GIS to display maps, Tables 10  & 11 and Figures 9 . It is starkly observed that the study area suffers from a lack of highly suitable soils for the different land use types presented in the area due to the different soil limiting factors presented in Table 10 . 
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Sustainable land use assessment
The irrigation water is considered as a constraint in agricultural planning in the study area. Therefore, the crop water requirements (CWR) and irrigation water requirements (IR) are calculated for each LUT, taking into consideration the amount of rainfall during the growth season of each LUT. On the other hand, the net return for each land use type was obtained from the Agricultural Statistics (2000 & 2001) . Then the net return per month (NR/acre. month) and the net return per cubic meter of water as L.E./m 3 of irrigation water for each LUT calculated.
In order to define the most sustainable land use for each land mapping unit, the results of physical suitability, net return, net return per month, irrigation requirements and net return per cubic meter of irrigation water were rated, Table 12 . For planning the most sustainable land use, there are three LUT groups; winter crops, summer crops and orchards. Therefore, there are two choices; either planting field crops (winter and summer) or orchards. The criteria for decision, as used herein, depend on the physical land suitability. If the LUT has the highest suitability among its group; then it will be the most sustainable LUT. If the physical land suitability is the same for LUTs; then the next factor that comes into consideration will depend on its priority. In the present study, two scenarios are proposed; one for the situation of irrigation shortage, then the priority is given for the LUT with lower irrigation requirement. The other scenario considers abundance of irrigation water, therefore, the net return per month and net return per cubic meter will have the priority after the physical land suitability, Table 13 . The results indicated that most sustainable crops under the limited irrigation conditions are clover, barely and sorghum, whereas figs and guava are the most sustainable orchards in the study area.
Conclusions
In this research, land capability, evaluation and sustainability were conducted with the aid of remotely sensed data and GIS. The results showed that more than 55000 acres in the study area are marginally capable for agriculture. This area is studied for sustainability under different conditions of irrigation water availability. It is found that, the most sustainable land use recommended under the limited water resources (scenario I) are clover, barely, wheat and sorghum as field crops, and figs and guava are the most sustainable orchards cultivations. Whereas the most sustainable land use in case of irrigation water availability (scenario II) are wheat, maize against figs and guava. On the other hand, there are various limitations for agricultural use, some of which are correctable. Therefore, proper soil management is required in order to increase the soil suitability for different crops. Finally, the present study proved that integration between remote sensing and GIS is a powerful tool for sustainable land use planning. 
